Recently, the spermatogenic cell has been focused in male sterility. There are some reports on fertilization and embryonic developmental ability of spermatid. Deficiency of fertilization or developmental arrest frequently appears due to the ability. Functional immaturity is also observed in spite of abnormality of karyotype in spermatids. However, a functional difference between spermatids and spermatozoa is not clarified. In this study, fertilization and developmental ability of the spermatid were examined by the microinjection using immature spermatid including the round spermatid, elongating spermatid, elongated spermatid and intratesticular spermatozoa derived from three different mice strains; ddY, ICR and B6D2F1. Mature female mice were superovulated with PMSG and hCG. Cumulus-oosytes complex were obtained from their oviducts, and cumulus cells were removed from MII oocytes by hyaluronidase and pippeting. Spermatids were collected from mature male testis, and were injected into MII oocytes using a micromanipulator. Manipulated embryos were cultured in CZB medium, and their ability for development was examined. Epididymal spermatozoa from the three strains were used as control group. The fertilization rate was correlated with the spermatogenic stage. In embryonic developmental rate, on the other hand, there were no significant difference between the control and experimental embryos. The data however showed that elongating, elongated and round spermatid slightly deteriorated the embryonic development. These results suggest that the ability of the embryonic activation depend on the spermatid metamorphose.
Introduction
Intracytoplasmic sperm injection (ICSI) has become the treatment for severe male factor of infertility and unexplained infertility [1, 2] . The injection of round spermatids into eggs, which is commonly called round spermatid injection (ROSI), was first reported in hamster eggs [3] . Live mouse ROSI offspring was first obtained by electrofusion of round spermatids with eggs [4] . Similarly, the offsprings from ROSI were obtained in other species including rats, rabbits, pigs and monkeys [5] . Mouse round spermatids cannot activate eggs. The ROSI eggs must be stimulated by the activators such as electric pulses, Sr2+ or Ca-ionophore, to initiate development unlike spermatozoa.
It is indicated that the native sperm-borne oocyte-activating factor (SOAF) in injected spermatids activates ROSI eggs. In mice, SOAF appears during spermatogenesis [6, 7] . In some mammals including and humans, it may appear before spermiogenesis [8] . Sasagawa et al [9] obtained offsprings using round spermatids from prepubertal mice. In rabbits, Tokieda and Sato [10] reported the birth after transfer of embryos generated microinjection with of round spermatids into pseudopregnant female uterus. We also have confirmed that spermatids in ddY and ICR strain mice had abilities of oocyte activation [11] . This result indicates a possibility that differences of oocyte-activating ability of round spermatids are from differences of mouse strains.
In the present study, we examined differences of oocyte-activating ability of spermatogenic cells in three deferent mouse strains.
Materials and Methods

Animals
Spermatogenic cells, spermatozoa and oocytes were collected from B6D2F1, ddY and ICR mice. All mice were purchases from Japan SLC, Inc. (Shizuoka, Japan) and maintained under controlled lighting conditions (12 h light: 12 h dark) and temperature (24 ºC). All laboratory animals were housed and handled according to the guidelines for animal experiments of the College of Bioresource Sciences, Nihon University.
Preparation of oocytes
To induce superovulation, B6D2F1, ddY and ICR strain female mice (7-8 weeks old) were intraperitoneally injected with 8 IU of pregnant mare serum gonadotropin (PMSG; Aska Pharmaceutical Co., Tokyo, Japan). Subsequently, 8 IU of human chorionic gonadotropin (hCG; Aska Pharmaceutical Co., Tokyo, Japan) was injected into peritoneal cavity 48 hours after PMSG injection. Ovulated oocytes-cumulus complexes were collected from oviducts 16-18 hours after hCG injection. The metaphase II (MII) oocytes were detached from cumulus cells by 0.2% hyaluronidase in HEPES-buffered human tubul fluid medium (mHTF, Ivine Scientific, Santa Ana, USA) supplemented with 4 mg/ml bovine serum albumin (BSA, Sigma Chem. Co., USA). The cumulus-free oocytes were rinsed thoroughly and placed in drops of HTF with 4 mg/ml BSA covered with mineral oil (Sigma Chem. Co., USA), and incubated at 37 ºC under 5% CO 2 in air. The mature ddY, ICR and B6D2F1 male mice (8-10 weeks old) were euthanized by cervical vertebra dislocation. And the spermatids were suctioned using a syringe with 27G needle containing HTF medium from their testis. The suspension contained intratesticular spermatozoa as well as various developmental stages of spermatogenic cells and others. The spermatogenic cells were released into the medium and centrifuged. After washing step, they were resuspended in HTF medium. The final suspension contained spermatogenic cells at various developmental stages and intratesticular spermatozoa. Drop (3 µl) of the cell suspension was placed in the Petri dish covered with mineral oil and was kept for up to 1 hour before microinjection. And the round spermatids, elongating spermatids, elongated spermatids and testicular spermatozoa were selected by their size and shape (Fig. 1) . When some oocytes injected with round spermatids obtained from B6D2F1 were not activated, to induce oocyte activation, they were exposed to 7% ethanol for 5 min after spermatid injection. On the other hand, the cauda epididymis was removed from males of the strains and cut into small pieces in the mHTF. By this manipulation, many epididymal spermatozoa were released into the medium. Drops of the suspension in HTF medium with 4 mg/ml BSA were placed in Petri dish and the dish were placed under 37 ºC for 1 hours
Preparation of round/elongated spermatids and spermatozoa
Injection of spermatids and spermatozoa
The spermatids and spermatozoa were transferred to a drop of mHTF medium with 10% Polyvinylpyrrolidone (PVP). There were aspirated into the injection pipette attached to the piezo-micromanipulator (Suruga Seiki CO., Shizuoka, Japan). A mature unfertilized oocyte was held by the holding pipette and its zona pellucida was penetrated by the injection pipette with several piezo pulses. The injection pipette was advanced onto the center of the oocytes, and then, the oolemma was punctured by one piezo pulse. The spermatid and spermatozoa held by the injection pipette was slowly expelled into the ooplasm with a minimum amount of medium. When the 2nd polar body and the formation of male and female pronuclei in the ooplasm were observed, they were judged as "fertilized". All microinjection was performed at room temperature (about 25-28 ºC). Oocytes injected with epididymal spermatozoa were used as their control.
Measurement of Ca 2+ of injected embryos
The Ca 2+ response of spermatogenic cells-injected embryos was examined using laser FV-1000 scanning microscope system (Olympus Co., Tokyo, Japan). These embryos were loaded with a Ca
2+
sensitive fluorescent dye, fluo-3 acetoxymethyl ester (Fluo-3/AM) for 30 min and washed. Following, these samples were observed.
Development in vitro of embryos
Injected oocytes were transferred to the new drop of HTF medium covered with mineral oil. Following, the embryos were cultured at 37 ºC under 5 % CO 2 in air and were observed their development to the morula and the blastocyst stage.
Statistics
Data were analyzed by using the χ 2 -test ; P < 0.05 was considered to be statistically significant.
Results
The results of the fertilization and the embryo developments are shown in Table 1 -3. We confirmed the fertilization in oocytes that injected with spermatids from ddY strain ( Table.1) . Furthermore, We observed same results of the fertilization and the embryonic development in ICR strain (Table 2) . Regarding oocytes injected with round spermatids (non-activation), however, the fertilization and the embryonic development could not be confirmed in B6D2F1 (Table 3) . We confirmed that only the oocytes treated with the artificial activation had a capability of fertilization in B6D2F1. We confirmed, in also B6D2F1 mice, the fertilization and the development of the oocytes injected with other spermatogenic cells development. These results also show that spermatids made the fertilization and the embryonic developmental rates higher as spermatogenesis progresses. In embryonic developmental rate, there were no significant difference between the control group and the experimental embryo, but the data showed that elongating, elongated and round spermatid deteriorate the embryonic development slightly. In some experiments, we examined Ca 2+ oscillation in the injected embryo with spermatogenic cells. These embryos were observed the similar Ca 2+ oscillation pattern in all embryos. These embryos were compared with in vitro fertilization (IVF) and parthenogenesis embryos. Though, there is no difference about waves of oscillation pattern in each group (data not shown).
Discussion
In the present study, mouse spermatids from B6D2F1, ddY and ICR strains were injected into oocytes to examine the oocyte activation and fertilization abilities. Elongating or elongated spermatids have capability of them. Our results were in agreement with the results of previous study [8] . Furthermore, normal embryonic development after microinjection of spermatids in ICR and ddY mice was observed. However, in B6D2F1 oocyte, the activation of the oocyte by round spermatid injection was not observed. When oocyte activated after round spermatid injection, they developed to the morula or blastocyst stage. In other two strains, embryos generated by microinjection of round, elongating or elongated spermatids developed to the blastocyst stage without activating stimulation. From these results, in mice, it is suggested that potency of the oocyte activation and the fertilization ability of the spermatogenic cells express in the round spermatid stage at the latest. Some study showed that the Ca 2+ oscillation could not be induced in most of oocytes when round spermatids from B6D2F1 mice were injected. Also, it has been observed that elongated spermatids can normally activate most of oocytes (90%). However, the normal Ca 2+ oscillation caused by an elongated spermatid could not be observed, and only the transient pattern was reported [11] . On the other hand, there was the report that produced live offspring from injected oocytes with round spermatids in B6D2F1 mice [6, 12] . These reports indicate clearly that a normal Ca 2+ oscillation pattern is not essential for normal fertilization and embryonic development. In recent years, the application of spermatids has been a focus of attention in male sterility. There are, however, couples of issue to apply them to medical procedure. One of the major problems is the low developmental rate of the manipulated embryos. Some of the studies show that the embryo with spermatid, such as round, elongating, and elongated spermatid, has lower developmental ability than the embryo with spermatozoon [6, 13] . However, our results showed that the spermatids have the fertilization ability, and also showed that the developmental rates of fertilized embryos injected with spermatids were equivalent to that of fertilized embryos with spermatozoon. In other words, once the oocyte is fertilized with spermatid, the embryonic developmental rate will be same as ICSI oocyte. These results may have attributed the low developmental rates of the embryos to the low fertilization rates of them. This may suggest the spermatids can be the important materials for male sterility as the alternatives to the spermatozoa if their fertilization abilities are improved. To solve them, elucidation of the fertilization factors of the spermatids and spermatozoon is needed. As a further experimental design, we will examine the Ca 2+ oscillation, which is one of the fertilization factors, in the embryos received with spermatids and spermatozoa.
